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Graphing Motion

Objective:  To use motion graphs to develop an understanding of the y = mx + b form of linear equations.

Part 1.  Sketching Graphs

Plot the following linear equations on the graphs below (include at least 4 data points):  

Graph 1:  y = x + 2


 Graph 2:  y = -3x


 Graph 3:  y = 2x - 4
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Graphing Q & A:  

1. Which graph is the steepest (greatest slope)?  Does any part of the equation give a clue to why the line would be the steepest?

2. Which graph has a negative slope (downhill)?  Does any part of the equation give a clue to why line would have a negative slope?

3. Which graph has a line that passes through the origin (0,0), also known as the reference point? Do any parts of the equation give a clue to why it passes through the origin?

4. Which graph has a line that passes below the origin (0,0), also known as the reference point? Do any parts of the equation give a clue to why it passes below the origin?

5. Which graph has a line that passes above the origin (0,0), also known as the reference point? Do any parts of the equation give a clue to why it passes above the origin?

6. Did you notice any patterns between the linear equations and where they crossed the y-axis?

Slope-Intercept Theory:

Every straight line can be represented by an equation: y = mx + b. The coordinates of every point on the line will solve the equation if you substitute them in the equation for x and y.
The slope m of this line - its steepness, or slant - can be calculated like this: 
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The equation of any straight line, called a linear equation, can be written as: y = mx + b, where m is the slope of the line and b is the y-intercept. 
The y-intercept of this line is the value of y at the point where the line crosses the y axis.
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Part 2.  Motion Graphs

Motion graphs plot a body’s motion.  Distance is graphed on the y-axis, while time is graphed on the x-axis.  There are no negative time values, so only Quadrant 1 and Quadrant 4 are used.  Typically Quadrant 1 is the only one used for motion analysis.  The slope of a motion graph will be the change in distance divided by the change in time (speed).  The y-intercept of a motion graph will represent an object’s starting point.  

Procedure:  

· Sketch motion graphs following situations.  
· Once you and your group have finished, connect the Motion Detector to DIG/SONIC 1 of the LabPro and open Experiment 35a from Physical Science with Computers.  A blank d – t graph should appear.
· We will use the motion detector to produce a graph for each situation.   Copy the motion detector graphs over yours in different color ink.  

	1. A boy walking forward at a constant speed from the reference point (origin).
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	2. A boy starting a distance away from the reference point(origin) and walks forward at a speed greater than graph 1. 



	3. A girl starting a distance away from the reference point (origin) and stays at rest (doesn’t move).



	4. A girl starting a distance away from the reference point (origin) and walks backward at a slower speed than graphs 1 and 2.




Part 3.  Graph Matching Review
The Motion Detector measures the time it takes for a high frequency sound pulse to travel from the detector to an object and back (sonar).  With this, we can determine object’s position with respect to time. 

Procedure:  

· Connect the Motion Detector to DIG/SONIC 1 of the LabPro and open Experiment 35b from Physical Science with Computers.  The following d – t graph will appear.
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· In groups, decide how you could walk to produce this target graph and record it on or next to the graph.

· To test your prediction today, one group member chosen at random will demonstrate your team’s understanding.  When you hear the Motion Detector begin to click, walk in such a way that the graph of your motion matches the target graph on the computer screen.  Top group will earn two bonus points.

Part 4.  Graph Matching Challenge
Now is the time to demonstrate your team’s graphing skills.  Challenge your classmates to match a graph that you create based on you understanding of linear equations.

Procedure: 

· Connect the Motion Detector to DIG/SONIC 1 of the LabPro and open Experiment 35a from Physical Science with Computers.  A blank d – t graph should appear.

· Your instructor will assign your group a graph.  Using the parameters given, sketch it in the space below and select one group member to put it on the board.  

· If any other group finds a graphing error, they earn 0.5 points added to their score when they challenge the graph.   If they present something that is not an error, they lose 0.5 points to their score when they challenge the graph.    

· One group member, from the original group, is chosen at random and will walk this graph for a score.  Your instructor will give a grade from 1-10.  

· Each group gets to challenge your graph.  Top group gets two bonus points.  If the original group’s score hold on to win, they earn three bonus points.

Graph-1 Parameters:

· The y-intercept is 1 meter

· The initial slope of the line is 0 and stays constant for the first 2 seconds

· The slope then changes to positive ½ for the next 2 seconds

· The slope then changes to 0 for the next 2 seconds

· The slope than changes to –½ for the next 2 seconds

· The slope than changes to 1 for the next 2 seconds

Graph-2 Parameters:

· The y-intercept is 2 meters

· The initial slope of the line is 0 and stays constant for the first 2 seconds

· The slope then changes to -½ for the next 2 seconds

· The slope then changes to 1 for the next 2 seconds

· The slope than changes to 0 for the next 2 seconds

· The slope than changes to ½ for the next 2 seconds

Graph-3 Parameters:

· The y-intercept is 3 meters

· The initial slope of the line is 0 and stays constant for the first 2 seconds

· The slope then changes to -½ for the next 2 seconds

· The slope then changes to 0 for the next 2 seconds

· The slope than changes to -1 for the next 2 seconds

· The slope than changes to ½ for the next 2 seconds

Graph-4 Parameters:

· The y-intercept is ½ a meter

· The initial slope of the line is 1 and stays constant for the first 2 seconds

· The slope then changes to ½ for the next 2 seconds

· The slope then changes to 0 for the next 2 seconds

· The slope than changes to ½ for the next 2 seconds

· The slope than changes to 0 for the next 2 seconds

Graph-5 Parameters:

· The y-intercept is 0 meters

· The initial slope of the line is 1 and stays constant for the first 2 seconds

· The slope then changes to -½ for the next 2 seconds

· The slope then changes to 1 for the next 2 seconds

· The slope than changes to 0 for the next 2 seconds

· The slope than changes to ½ for the next 2 seconds
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